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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a discharge characteristic at high capacity and a high 
rate by covering each particle surface of a high-capacity positive electrode active material with 
magnesium-containing cobalt acid lithium that is excellent in electron conductivity and has a 
single layer structure. 

SOLUTION: Each particle surface of LiNi1-y-z0oyMzO2 (0<y<0.25, 0<z<0.15, M is a metal 
excluding Co and Ni) is provided with a positive electrode active material covered with 
magnesium containing cobalt acid lithium having a single layer structure. A coprecipitation 
method is used for the synthesis of the positive electrode active material, and an aqueous 
solution in which nickel nitrate and cobalt nitrate are dissolved is kept at 30° C, a sodium 
hydroxide aqueous solution is dripped into it, and hydroxides of nickel and cobalt are produced 
by coprecipitating them. Then, the positive electrode active material is synthesized by adding 
water to the nickel-cobalt hydroxide to form a dispersed solution, by dripping a sodium 
hydroxide aqueous solution and an aqueous solution in which cobalt nitrate and magnesium 
nitrate are dissolved into it, and by depositing a magnesium-cobalt hydroxide on the surface of 
the nickel-cobalt hydroxide. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte rechargeable battery characterized by equipping the 
particle front face of LiNM-y-zCoyMz02 (0<=y<=0.25, 0<=z<=0.15, and M are metals other than 
Co and nickel) with the positive active material covered with LiCo1-xMgx02 (0.01<=x<0.1) of 
monolayer structure. 



[Translation done.] 
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* NOTICES * 
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damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nonaqueous electrolyte rechargeable battery. 
[0002] 

[Description of the Prior Art] With the rapid formation of small lightweight of electronic 
equipment, to the cell which is the power source, it is small and the demand to a light weight and 
a high energy consistency, and the rechargeable battery development in which repeat charge and 
discharge are still more possible is increasing. Moreover, early utilization of an electric vehicle is 
desired by environmental problems, such as air pollution and an increment in a carbon dioxide, 
and development of the outstanding rechargeable battery which has the descriptions, such as a 
well head, high power, a high energy consistency, and a light weight, is demanded. 
[0003] The rechargeable battery which used nonaqueous electrolyte is put in practical use as a 
rechargeable battery which fills these demands. This cell has the cell several times the energy 
density of having used conventional aqueous electrolysis liquid. As the example, a cobalt multiple 
oxide, a nickel multiple oxide, or a spinel mold lithium manganic acid ghost is used for the 
positive electrode of a nonaqueous electrolyte rechargeable battery, and long lasting 4 Class V 
nonaqueous electrolyte rechargeable battery using the carbon material which a lithium can emit 
[ occlusion and ], a stannic-acid ghost, etc. is put in practical use by the negative electrode. 
[0004] 

[Problem(s) to be Solved by the Invention] By this nonaqueous electrolyte rechargeable battery, 
especially the cell which uses a lithium nickel system multiple oxide as positive active material, 
high capacity-ization is expectable compared with the cell which carries out a lithium cobalt 
system multiple oxide activity. However, since the voltage drop by polarization is remarkable and 
large in the discharge last stage, there is a problem that the property at the time of high rate 
discharge is inferior. Then, the place made into the object of this invention aims at offering the 
nonaqueous electrolyte rechargeable battery excellent in high capacity and the discharge 
property at the time of a high rate. 
[0005] 

[Means for Solving the Problem] The nonaqueous electrolyte rechargeable battery which 
becomes this invention is a nonaqueous electrolyte rechargeable battery characterized by 
equipping the particle front face of LiNi1-y-zCoxMz02 (0<=y<=0.25, 0<=z<=0.15, and M are 
metals other than Co and nickel) with the positive active material covered with the magnesium 
content cobalt acid lithium of monolayer structure. 
[0006] 

[Embodiment of the Invention] Although this invention is explained below using the gestalt of 
suitable 1 operation, unless the meaning of this invention is exceeded, it cannot be 
overemphasized that it is not what is limited to below. The nonaqueous electrolyte rechargeable 
battery which becomes this invention It is what is characterized by equipping the particle front 
face of LiNi1-y-zCoyMz02 (0<=y<=0.25, 0<=z<=0.15, and M are metals other than Co and nickel) 
with the positive active material covered with the magnesium content cobalt acid lithium of 
monolayer structure. By covering the particle front face of LiNi1-y-zCoyMz02 positive active 
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material of high capacity with the magnesium content cobalt acid lithium (LiCo1-xMgx02) of the 
monolayer structure excellent in electronic conductivity, whenever [ electronic conduction / of 
positive active material ] can be improved. Consequently, resistance between the particles of an 
active material can be made small, and the discharge property at the time of a high rate can be 
improved. The relation between discharge capacity and the rate of capacity degradation (20 
cycles after) is shown with the presentation ratio (x) of Mg of the magnesium content cobalt acid 
lithium (LiCo1-xMgx02) of monolayer structure in a table 1 whenever [ electronic conduction ]. 
About these electrochemical properties, it measured using 3 terminal glass cell. If in charge of 
manufacturing a positive electrode, it is a magnesium content cobalt acid lithium (LiCo1-xMgx02; 
however) to a positive-electrode ingredient. 10 and 0.15 are used. X — 0, 0.01, 0.03, 0.05, and 0. 
— The powder 88 weight section of this magnesium content cobalt acid lithium (10 LiCol- 
xMgx02;, however X 0, 0.01, 0.03, 0.05, 0. 0.15), The carbon black 7 weight section which is an 
electric conduction assistant, and the polyvinylidene fluoride 5 weight section which is binding 
material were mixed, and it kneaded, adding a N-methyl-2-pyrrolidone solution suitably, and the 
slurry was produced. And this slurry was applied to the aluminium foil which is a positive- 
electrode charge collector with the doctor blade method, the vacuum drying of this was carried 
out at 150 degrees C, and each positive electrode was produced. The positive electrode 
produced above was used for the operation pole, and the lithium metal electrode was used for 
the counter electrode and the reference pole. The solvent made to dissolve the 6 fluoride 
[ phosphoric acid ] lithium LiPF6 in the mixed solvent with which ethylene carbonate and diethyl 
carbonate were mixed by the volume ratio of 1:1 at a rate of 1 mol/l was used for the 
electrolytic solution. The charge and discharge test followed each using 3 terminal glass cell 
produced above. The charging current discharged to 3.0V to the lithium metal by the discharge 
current of 0.5 mA/cm2, after considering as 0.5 mA/cm2 and charging to 4.3V to a lithium metal. 
Moreover, the cycle trial was performed by repeating this actuation. Whenever [ electronic 
conduction ], desiccation solidification was carried out and the test sample manufactured [ after 
applying a golden paste to ends ] the paste, respectively, after making the 4mmx5mmx20mm 
prism sinter after pressing LiCo1-xMgx02 compounded above at 800 degrees C for 12 hours. 
Measurement measured using direct current anodizing under the dry ambient atmosphere (-60 
degrees C or less of dew-points) by the one terminal pair network method whenever [ electronic 
conduction ]. 
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[0008] It turned out that it is more desirable than a table 1 for the presentation ratio X of Mg of 
the magnesium content lithium cobalt acid to cover to take more preferably or less [ 0.01 or 
more ] for 0.03 less than [ 0.01 or more ] 0.1 by the atomic ratio. If it is this range, it is 
[ whenever / electronic conduction ] clear that the good engine performance is shown in all the 
discharge capacity and rates of capacity degradation (20 cycles after). Next, the positive active 
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material which becomes this invention was compounded. That is, it carried out to composition of 
LiNi0.8Co 0.2O2 covered with LiCo0.99Mg 0.01 02 using the coprecipitation method. First, the 
water solution in which the nickel nitrate of 0.8 mol/l and the cobalt nitrate of 0.2 mol/l were 
dissolved was kept at 30 degrees C, by dropping a sodium-hydroxide water solution, pH was set 
to 10-13, coprecipitation of the hydroxide (nickel0.8Co0.2 (OH) 2) of nickel and cobalt was 
carried out, and it was generated. Next, water was added to the nickel-cobalt hydroxide of these 
2 mol/l, and it considered as dispersion liquid, and keeping pH at 10-13 by dropping a sodium- 
hydroxide water solution at these dispersion liquid, the water solution made to dissolve the 
cobalt nitrate of 0.99 mol/l and the magnesium nitrate of 0.01 mol/l in these dispersion liquid 
was dropped, the magnesium-cobalt hydroxide was deposited on the front face of a nickel-cobalt 
hydroxide, and the nickel-cobalt hydroxide covered with the magnesium-cobalt hydroxide was 
compounded. It was made for the drip of the water solution in which the cobalt nitrate and the 
magnesium nitrate were dissolved to become one-mol % to the number of mols of the nickel- 
cobalt hydroxide added to dispersion liquid at this time. Here, the presentation of a hydroxide 
can be adjusted by adjusting the concentration of nickel nitrate, a cobalt nitrate, and a 
magnesium nitrate solution, and the amount of coats can be adjusted by adjusting the drip of a 
cobalt nitrate-magnesium water solution. Next, after drying by rinsing the compound hydroxide, 
To the nickel-cobalt hydroxide covered with this magnesium-cobalt hydroxide, a lithium 
hydroxide is mixed so that a lithium hydroxide may become one mol to one mol of nickel-cobalt 
hydroxides covered with the magnesium-cobalt hydroxide. The inside of oxidizing atmospheres, 
such as oxygen and air, By calcinating at 600-900 degrees C for 24 hours, LiNi0.8Co 0.2O2 
covered with LiCo0.99Mg 0.01 02 was compounded. In addition, when compounding LiNi1-y- 
zCoxMz02 which added M of the third element, in case a nickel-cobalt hydroxide is 
compounded, it can compound by adding M of the third element. It measured by the approach as 
the above that it is [ Co / which was covered with LiCo0.99Mg 0.01 02 compounded with the 
above-mentioned coprecipitation method / 0.2O2 / LiNi0.8] the same about the discharge 
capacity and the charge-and-discharge property at whenever [ electronic conduction ], and the 
time of a high rate. Moreover, about LiNi0.8Co 0.2O2 covered with LiCo0.99Mg 0.01 02, it 
adjusted by the same technique as the above of what the amount of coats of LiCo0.99Mg 0.01 02 
set to 5:95, 10:90, 20:80, 30:70, 40:60, and 50:50 by the mole ratio of LiCoO.99MgO.01 02:LiNi0.8Co 
0.2O2, and the same trial was performed. This result is shown in a table 2. In addition, the 
charging current discharged to 3.0V to the lithium metal by the discharge current of 5 mA/cm2, 
after considering as 0.5 mA/cm2 and charging to 4.3V to a lithium metal. Moreover, the cycle 
trial was performed by repeating this actuation. 
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[0010] From a table 2, by covering with LiCo0.99Mg 0.01 02 showed that whenever [ electronic 
conduction ] improved. Moreover, although discharge capacity is increasing [ the mole ratio of an 
enveloping layer ] to 5%, if the mole ratio of an enveloping layer is increased further, discharge 
capacity will decrease. This is for the rate of LiCo0.99Mg 0.01 02 with a small capacity to 
increase. Moreover, it became clear that the discharge property in a high rate improves as the 
rate of an enveloping layer increased. On the other hand, the cycle property shows the property 
with the mole ratio of an enveloping layer good in 5 to 20% of range. As mentioned above, 
LiCo0.99Mg 0.01 02 By considering as 1% - 40% of range by the mole ratio to LiNi0.8Co 0.2O2, 
the amount of coats can acquire the outstanding effectiveness. It is good to make it to 5% - 20% 
more preferably. In addition, a well-known approach can be used, without being limited to the 
above-mentioned approach as the coat approach. Moreover, although it will not be limited 
especially if it is a nickel-cobalt hydroxide and the metal which can coprecipitate as M which is 
the third element of LiNi1-y-zCoyMz02 (0<=y<=0.25, 0<=z<=0.15, and M are metals other than 
Co and nickel), aluminum, Mg, Ti, Mn, Fe, Cr, and Cu are good more preferably. Moreover, in 
LiNi1-y-zCoyMz02 (0<=y<=0.25, 0<=z<=0.15, and M are metals other than Co and nickel), and 
LiCo1-xMgx02 (0.01<=x<0.1), the same result as the above is obtained in the shown 
presentation, in addition — as the particle of LiNi1-y-zCoyMz02 (0.1 5<=y<=0.25, 0<=z<=0.15, 
and M are metals other than Co and nickel) — primary and an aggregated particle — the primary 
particle is preferably better although you may be whichever. In addition, since the positive active 
material concerning this invention is excellent in electronic conductivity, it can reduce the 
amounts of **** assistants, such as an acetylene black metallurgy group particle conventionally 
contained in a positive-electrode binder layer. If this decrement is transposed to positive active 
material, the further high-capacity-izing is possible. As a configuration of a cell, configurations, 
such as a square shape, a cylindrical shape, a coin form, or a paper form, may be what kind of 
things, and are not limited about the structure of a cell, the structure of a positive electrode or a 
negative electrode, and a configuration, either. In the nonaqueous electrolyte rechargeable 
battery which becomes this invention, you may be organic [ as the combination of organic / as 
the combination of a positive electrode, a negative electrode and a separator, and nonaqueous 
electrolyte or a positive electrode, a negative electrode, and a separator /, the combination of an 
inorganic solid electrolyte and nonaqueous electrolyte or a positive electrode, a negative 
electrode and a separator, organic or an inorganic solid electrolyte, and nonaqueous electrolyte 
or a positive electrode, a negative electrode, and a separator ], or the combination of an 
inorganic solid electrolyte and nonaqueous electrolyte as the configuration. Of course, if it is the 
solid electrolyte of ion conductivity, nonaqueous electrolyte will serve as an unnecessary 
configuration. Furthermore, the activity of a well-known thing is possible for each of nonaqueous 
electrolyte, electrolyte salts, etc. in organic [ as a separator or a separator ] or an inorganic solid 
electrolyte, and a list. 

[001 1] Furthermore, an organic solvent is not limited fundamentally, either. If conventionally used 
for the lithium cell, the same effectiveness as this invention will be acquired. For example, as a 
solvent, what mixed hypoviscosity solvents, such as 1, 2-dimethoxyethane, dimethyl carbonate, 
ethyl methyl carbonate, diethyl carbonate, and a methyl FORU mate, can use for high dielectric 
constant solvents, such as propylene carbonate, ethylene carbonate, gamma-butyrolactone, and 
a sulfolane. 

[0012] When applying to a nonaqueous electrolyte rechargeable lithium-ion battery, in this 
invention, as long as the host substances of a negative electrode are occlusion and the thing 
which can be emitted, what kind of thing is sufficient as them, and a lithium ion for example 
corks, carbon, amorphous carbon, SnO and Sn02, and Sn1-xMxO (or it Sb(s) M=Hg, and P, B, Si 
and germanium — ) however, 0<=X<1 and Sn1-xMx02 (or it Sb(s) M=Hg, and P, B, Si and 
germanium — ) however, 0<=X<1, Sn302(OH)2, and Sn3-xMx02 (OH) — two (M=Mg, P, B, Si, 
germanium, Sb and As, or Mn — ) However, it can illustrate that it is one sort chosen from 
0<=X<3, LiSi02 and Si02, or LiSn02, or two sorts or more. 
[0013] 

[Effect of the Invention] According to this invention, the nonaqueous electrolyte rechargeable 
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battery excellent in high capacity and the discharge property at the time of a high rate can be 
offered. Therefore, industrial worth of this invention is very high. 



[Translation done.] 
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159 


9.1 


5 : 95 


3.7X10" 3 


162 


8.1 


10 : 90 


7.3X10" 2 


166 


7.4 


20 : 80 


8.4 XlO" 2 


161 


7.6 


30 : 70 


9.1 X10" 2 


157 


8.3 


40 : 60 


9.3XlO~ 2 


154 


8.5 


50 : 50 


9.5XKT 2 


145 


9.2 



[00 1 0] «2J:9. LiCo o .9 9 Mgo.oi0 2 T:iSiai-.&^ 
ZfXii. ^SO/J^VMiCoo.^oMgo.oilfeiOSiJ^ 

ioC, LiCOo.99Mgo.oaO2 <7)«IEfi*±LiNio. aCOo. zOa 

IzttLXVl-ltX' 1 %-A 0 %<D«sfflfc-M> £ i; J: 
%~2 0%c-rsco*Uv\ $r*i. ttSRTffifc LTfctt 

ieo^c:i^$n?. >i t <mvti&mmx-% 

h. £tz. LiNit-.-xCovHA, (0£y=S0. 2 5. OS 
z s£ 0 . 15. MJiCo.NiJ^IO^S) <7)&EjiMX't>& 

L<lt. Al. Mg. Ti. Hi. Fe. Cr. Cu***^. Li 
Nii-v-xOVWfe (O^ySO. 25. O^zSO. 1 
5, MtiCo.NiJ^f^S) &tXLiCo 1 _»M&«0 2 (0.01 
Sx<0. 1 ) tifcvvt. ^L^ffl^fcto^TtiJiifii: 

2(0.1 5Sy£0. 25. OSzSO. 15. MliCo. 

Niii^K^S) co*fr? t lt«-&. zmff-z-hhx- 
mx-hh. immmkLxit. nm. pw. ^> 

Bt tzlt^—J *-mmVtl3.¥A,%i>cr>X-h -5 T i> J: ^ 



20 ? t #*mm t crm^i^t , «u«iiEffi. ftea 

BSSKfctiB?© t b cmX-SirttX-}) -oXtm 

\,vi&*u-?bLxnimxtemmtfmm. m/ 
30 m^mz-hh. 

[0011]$ f>tc. ^W?S«t**W^RR«$fL-S» t 
TJi. yWU>t)— #*-K Xf-U 

K r-rf-o^^hy. *ji>*j>%b'cvm?m&® 

K xfyMf^-^-f^ ^xfvk^-.-K*- 

40 [0012] *^ct>v vc . itTfm&n y *-»>.m * 

■Ct^ti^v^L. /vit^Jf. 3-^^. r 
t^r^.*— SnO. SnOz. Siii-,M,0 

(M=Hg. P. B. Si. GeXteSb. ^'LOS 
X<1) . Sn,-»M»02 (M=Hg, P. B. Si. 
GeXliSb. /^'L0gX<l ) . Sn 3 O z (OH) 
2 . S n3-»M»0 2 (OH) 2 (M=Mg, P, B. S 

i, Ge, Sb, AsXliMn. fc^ftOSXO) . 
50 L i S i O2. S i OzXliL i S n OzO^J&^jMfcffl 
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